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ABSTRACT 
In the air conditioning and refrigerant systems, there is a demand for compressor 
that endure any external variables and save the energy for the earth environment. The 
newly developed scroll compressor that mainly used for commercial and industrial air 
conditioners can handle the liquid returning and dilution of lubricant. As for the 
improvement in efficiency we detected a new asymmetric scroll shape, low distortion 
fixed scroll and suitable radial compliance mechanism. We succeeded to develop the 
highly reliable and efficient scroll compressor that is available for R22 and R407C only 
by exchanging the lubricant, mineral oil and polyvinyl ether. This paper presents the 
problems encountered during the development of these new compressors and solutions 
employed to deal with them. 
L INTRODUCTION 
Rarely air conditioning and refrigerant compressors will be used under a unusual 
conditions, such as liquid compression caused by liquid returning, much diluted of 
lubricating oil, and oilless running. In addition, there are also two problems, associated 
with the use of new environmentally safe refrigerants HFC. The one is a decrease in 
the theoretical COP. At the normal condition, the input power of R407C is about 7% 
larger than that ofR22 though the capacity of them is much the same. The other one is 
a decline in the reliability of the sliding parts. It has been widely reported that the 
condition of lubricating can be severed since HFC does not contain chlorine in its 
molecular structure.l21 The purpose of the development is to solve the fore-mentioned 
problems. 
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2. CHARACTERISTICS OF THE DEVELOPED COMPRESSOR 
2.1 DESCRIPTION OF THE DEVELOPED COMPRESSOR 
The section of the developed scroll 
compressor is shown in Fig.l. The refrigerant 
capacities for a series of developed 
compressors range from 86,000 to 136,000 
Btu/H (at ARI 60Hz). The motor and the 
compression components are placed in the 
lower pressure chamber. The motor is cooled 
down by the suction gas which get from lower 
side of itself. The developed compressor 
utilizing a new asymmetric scroll shape makes 
it possible to reduce the pressure drop at 
suction process while the motor is cooled down 
adequately. On the other hand, a lubricating 
oil sump that is located in the bottom casing is 
isolated from liquid refrigerant sump to 
reduce the degree of dilution. 
To prevent seizing, the developed compressor 
arranges roller and ball bearings in the upper 
and lower holders, respectively, and a PTFE 
coating bronze metal is attached to the 
orbiting scroll. Table.l compares the merit 
and demerit in the difference of suction 
process. The developed compressor 







Fi~ 1 compressor Cross Section 
Table. 1 Comparison for difference 
of suction process 
TYPE I TYPE II 
Lit~uid Return .6. 0 
Dilution 0 .6. __. 0 (l>y Liquid Sump) 
Pressure Drop 0 .6.--> 0 (by Now Scroll) 
Motor Cooling .6. 0 
2.2 PERFORMANCE FOR LIQUID REFRIGERANT 
When a large amount of liquid refrigerant returns to the compressor, a certain 
amount is drawn into the compression process and this liquid compression increases 
the stress placed on the scroll wraps. Furthermore, the decrease in viscosity caused by 
the dilution of the lubricating oil leads to seizing and wear of the sliding parts. At this 
point of view we confirmed the performance for liquid return and dilution. 
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EXAMINATION FOR LIQUID RETURN 
Cylinder pressure in the compression 
process were measured under liquid return 
condition that assumed the de-frost mode in 
an air conditioning system. The test was 
conducted by using the hot gas bypass system 
shown in Fig.2. By opening the valve set at the 
exit of liquid refrigerant tank the liquid 
refrigerant returns to compressor at a stretch. 
A float type sensor installed in the tank 
observed the speed of liquid back. Because 
liquid compression tends to occur m 
proportion to the speed of liquid back and the 
amount of that as shown in Fig.3, the 
parameter that evaluates the stress of liquid 
returning is regarded as the multiplied the 
speed by the amount. As a result, it was 
confirmed that the parameter that occurs the 
liquid compression is above 10 times larger 
than that of ordinary limit in the refrigerant 
system. (Fig.4) Also the developed compressor 
is harder to occur the liquid compression 
caused by returning the liquid refrigerant 
than the type I compressor. 
EXA.MINNATION FOR DILUTION 
In order to reduce the degree of dilution, 
a newly developed compressor adopted a 
liquid refrigerant sump. Furthermore we 
selected a PTFE coating bronze metal as the 
scroll journal bearing. It was estimated that 
this metal have a largest seizure load in the 
several bearing tests under circumstances of 























Fi~ 2 Hot Gas Bypass SYstem 
0 :Not Occur Liquid Compression 
X :Occur Liquid Compression 
Small. Speed of .. Large 
liquid Returning 






1 2 3 4 56 7 8 9101112131415 
Relative liquid return parameter* 
( ordinary limit in the system =1 ) 
parameter* =Amount(Kg) x Speed(Kg/min) 
Fig.4 Measured Cylinder Pressure 
To verify the endurance of this metal in times 
much diluted of lubricating oil, the following 
test was carried. While the refrigerant ratio to 
the lubricating oil was increasing one by one, ~ ill 
the condition of lubricating was observed by ~ '-' 1.0 t-----------'~tj-...<!!~~.£-----~111 
the change of current. Once the current jumps -~ 
+-' 
because the viscosity of oil is risen by the ~ 0.9 r----------------1 
cooling of liquid refrigerant. Thereafter as the 
degree of dilution is more increase, the current 
is more decrease by the reduction of viscosity. 
But when the lubricating condition becomes 
worse, the current begins to rise again by the 
metal contact. The result was shown in Fig.5. 
e::: 
0.8 L-_~~~-'---------'--~~-~~-~....J 
0 1 0 20 30 40 50 60 70 so 90 1 00 
[On I y ref-
rigerant] [Only oi I] 
Ratio of refrigerant and o i I (%) 
Fig. 5 Endurance for much diluted 
I ubr i cat i ng o i I 
As for the compressor using a aluminum alloy metal, the metal contact begins to 
happen in times the oil ratio is 20 ......... 30%. But the developed compressor remains even if 
the oil ratio is about 10%. This indicates that selected metal endures for much dilution. 
2.3 IMPROVEMENT OF EFFICIENCY 
lfR407C have been used in place ofR22, 
compressor COP is about 7% dropped because 
of the difference of their thermodynamic 
properties. As for the increase in efficiency the 
following approaches were introduced. 
(1) Less pressure drop at suction process 
with a new asymmetric scroll 
(improved efficiency by 4%) 
(2) Less leakage of compression gas with 
a low distortion fixed scroll (improved 
by additional 4%) and optimized 
radial compliance mechanism. 
(improved by another 3%) 
As shown in Fig.6, the developed compressor 
succeeded to get back the reduction of COP 























f Conventional! !Developed! 
Fig. 6 Comparison of Power Consumption 
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As well known, volumetric efficiency in 
the low-pressure-housing compressor 1s 
closely related to the cooling of a motor. If the 
motor is overcooled than it needs, the ;2 





gas gets superheated and the pressure drop ~ 130 
c. 
also becomes large. On the other side, if the E 120 Q) 
motor is not cooled down enough, the motor ~ 11 0 
0 
0.1 ~ 
fails to work properly under the excessive ~ 1 00 
condition such as a voltage dropped. ~~~i-~~~~-L~-Jo 
0 50 100 







The developed compressor optimized the 
distribution of the suction gas to the cooling of 
the motor and to the compression. (Fig. 7) Fig.7 Distribution Ratio of Suction Gas 
Moreover, by adopting a new asymmetric scroll shape (shown in Fig.S) that gather on 
one side the suction gas, the pressure drop at suction process and the heat from 
discharged gas were reduced effectively. These approaches gain a 4% improved 
efficiency. 
conventional New scroll 
Fig.B New AsYIIIlletric Scroll Shape 
LESS LEAKAGE OF COMPRESSION GAS 
The behavior of fixed scroll was calculated by the structure and the thermal 
deformation analysis with the finite element method. It was seen that the plate of fixed 
scroll was warped to a direction of scroll wrap by the difference between the axial gas 
force and the discharged pressure. \Vhile, heat expands let it warp to the opposite 
direction. (Fig.9) If the deformation is not reduced, the axial clearance becomes less 
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than zero at the severe conditions such as gas leak running. The develo
ped compressor 
appending a joined rib both on the scroll side and on the back side makes it possible to 
reduce the deformation effectively. This technique improved the indica
ted efficiency by 
additional 4%. On the other hand, the reduction of radial clearance w
as achieved by a 
sliding bush that annexed the balance weight. This improved the ind
icated efficiency 
by another 3%. 
[Conventional] 
+12 
Pressure +127 ..um (+:direction to downward) 
Thermal -29..um 
express the axial defonnation (x200) 
Total deformation +98,um 
Fi~ 9 Pressure and Thermal Deformation 
3. CONCLUSIONS 
Pressure +SS..um 
The rma I -45 ..um 
+13 ,um 
As a result of these approaches, the developed compressor not only
 manages 
liquid refrigerant effectively but also gains about a 13% improveme
nt in efficiency, 
compared to the conventional type compressor. In addition, we bel
ieve that these 
approaches are also applicable for a high pressure refrigerant R410A 
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